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Limitations

Oil

Spatial Memory in Mice

Robert ILl. Dale and Martin Bedard
Concordia

University

Rats have an impressive ability to remember locations they have visited.
Two experiments used an eight-arm radial maze to determine whether mice
showed two important characteristics of this spatial memory: its durability,
and its dependence on stimuli outside of the maze (extreme stimuli). In Experiment 1, food-deprived mice were allowed to eat from four of the eight arms of
the maze then, after delays of 5 sec, 1 min, or 5 min, they were permitted to
choose the remaining arms. Choice accuracy declined significantly with the
longer delays, but a/ways remained above chance. In Experiment 2, the maze
was rotated 180 after four choices had been made, then subjects chose the rest
of the arms. The mice relied primarily on extra maze cues for selecting arms,
although some subjects exhibited cosiderable response patterning. As other
studies have suggested, the rat's impressive spatial memory may not be shared
by other species, even other rodents.
0

Olton and Samuelson (1976) demonstrated
that
rats have an excellent spatial memory. They used
an eight-arm radial maze consisting of eight identical equally spaced arms extending radially from
a central choice area. Subjects were permitted to
obtain a small piece of food from each of the eight
arms, a task requiring at least eight choices. Olten
and Samuelson recorded the number of different
arms entered in a subject's first eight choices on a
trial. Subjects rapidly came to choose 7-8 arms in
their first eight choices.
Other investigators,
using similar mazes, have
shown that rats can retain the locations of 10-30
food sources (e.g., OIton, Collison, & Werz, 1977;
Roberts, 1979) with essentially no forgetting over
periods of 4-8 hours (Beatty & Shavalia, 1980).
The locations of the food sites are remembered in
terms of a set of reference points in the environment (Suzuki, Augerinos, & Black, 1980), which
may serve as the basis for a cognitive map
(O'Keefe
& Nadel, 1978). Olton (1978) has
described a "working memory" to account for the
rat's spatial memory. Recent studies have obtained some rather surprising results: for example, a
"serial position effect"
in rat spatial memory
(Kesner & Novak, 1982).
Several
experiments
have
assessed
spatial

memory in other species, such as pigeons (Bond,
Cook, & Lamb, 1981), ring doves (Wilkie, Spetch,
& Chew,
1981) and Siamese
fighting
fish
(Roitblat, Tham, & Golub, 1982), and concluded
that the rat's abilities are not shared by these
species.
The following
experiments
examine
spatial memory in mice to determine whether this
rodent possesses a spatial memory similar to that
possessed by rats.

Experiment 1
In this experiment, a brief delay (5 sec, 1 min, or
5 min) was imposed after a subject had collected
food from four arms of the eight-arm radial maze;
the subject then continued choosing until it had
entered the remaining four baited arms. The 5-min
delay is particularly
important
because Siamese
fighting fish select the remaining baited arms with
"chance"
levels of accuracy after a 5-min midtrial delay (Roitblat et al., I?82), whereas the
choice accuracy of rats remains very high (Beatty
& Shavalia, 1980).
Table 1, Mean A.ceuracy Scores over Five Trials,

as a Function of Mid-trial Delay
Delay
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Trial 2a

Trial

5 sec

1 mill

5 min

2

3.29 (0.30)b
3.29 (0.30)

3.23 (0.26)
2.83 (0.47)

3.51 (0.26)
2.74 (0.32)

aThe Trial

I delay was always 5 sec.

bStandard

deviation.
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Method
Subjects. The subjects

were seven male COBS
mice (Charles River CD-I, outbred albino) just
over one-month-old
at the start of the experiment.
They were housed in groups of three and four
under a 12 hour light/dark cycle, and were maintained at 80-90070 of their ad lib weights by fooddeprivation throughout testing.

Apparatus. The apparatus

was an eight-ann radial
maze constructed of ~ in. (6 mm) plywood. It had
eight identical equally spaced arms, 24 cm long
and 8 em wide, extending radially from an octagonal central platform 29 em in diameter. The arms and
central choice area were surrounded by 10 ern high
walls and the floor of the maze was painted black.
Access to the arms was controlled by opaque Plexiglas doors at the center of the maze.

Procedure. Each trial began with the subject on
the central platform of the maze, and with a small
piece of food, i.e., half of a 45 I11gNoyes food
pellet, in the cup at the outer end of each of the
eight maze arms. On five pretraining
trials, all
eight doors were opened and the subject was
allowed to remain in the maze for 15 min, or until
it had obtained the food from each arm of the
maze. For the rest of the experiment, a trial consisted 'of releasing a subject at the center of the
maze with all eight doors open, allowing it to obtain the half Noyes-pellet
from four different
arms, closing the doors for a brief delay (with the
subject in the center of the maze), then raising all
doors at once and allowing the subject to keep
choosing until all eight arms had been entered. A
choice was recorded whenever a subject placed all
four paws in an arm. Two trials were administered
each day, about one hour apart. Over the first II
days of testing, a 5-sec delay was imposed after the
fourth arm was entered on each trial. Over the
next five days, the delay was increased to I min for
the second trial each day. Over the last five days of
the experiment, the delay was increased to 5 min
on the second trial each day.
Results
An accuracy score, the number of arms chosen
for the first time during the first four post-delay
choices, was calculated
for each trial. Group
means were obtained over the last five sessions on
. which the Trial 2 delay was 5 sec, and for the five
sessionswith
Trial 2 delays of I min and 5 min.
The mean accuracy scores are shown in Table 1.
An analysis of variance comparing the Trial 2 accuracy scores across delays indicated a significant
effect of the delay duration, F(2, 12) = 4.60, p <
.05. An analysis of covariance,
taking into account the coincident improvement
of the Trial I
24 • The Southern Psychologist, Vol. 2, No. I

accuracy scores, also indicated a significant effect
of delay duration, F~2, 12) = 5.53, p < .05. Posthoc t tests indicated that both the I-min and 5-min
delays resulted in lower accuracy scores than the
5-sec delay, 1(6) = 2.94, p < .05 and (6) = 3.14,
p < .05, respectively. However, all three delays
produced
accuracy
scores
higher
than
the
"chance"
score of 2.0 expected had the subjects
chosen four arms on the first four post-delay
choices without regard to their pre-delay choices
(5 sec: t(6) = 11.3, p < .01; 1 min: t(6) = 4.68, P
< .01; 5 min: t('5) = 6.13, p < .01).

Discussion
In contrast to rats, which maintain asymptotic
levels of choice accuracy with mid-trial delays of
up to four hours (Beatty & Shavalia, 1980), the
mice performed more poorly after mid-trial delays
of 1 min and 5 min than after a delay of 5 sec. This
decline in choice accuracy with delays of only 5
min is more important than the absolute levels of
performance attained by the mice on the first four
post-delay
choices.
Nevertheless,
the absolute
level of choice accuracy with the 5-sec delay
(81-88%) compares favorably with that reported
for rats (88-98%; Beatty & Shavalia, 1980). The
.fact that the mice continued to choose arms with
above-chance
accuracy after the 5-min delay is
also important.
Only Siamese fighting fish have
been tested with such a delay, and they performed
at chance levels of accuracy, i.e., their accuracy
scores were about 2.0 (Roitblat et aI., 1982).

Experiment 2
Although the mice chose arms accurately during
Experiment
I, their performance
cannot be attributed to a rat-like spatial memory unless it can
be demonstrated
that they relied, like rats (Olton,
1978), on stimuli in the environment
around the
maze (extramaze cues) rather than on cues from
the maze itself (intramaze
cues) or response
strategies (such as choosing adjacent arms, in sequence). The following experiment was conducted
to determine whether the mice depended on extramaze
cues,
intra maze
cues,
or -response
strategies for choosing arms.
The basic procedure involved making cues from
the maze (intrarriaze cues) and cues from the rest
of the environment
(extramaze cues) inconsistent
by rotating the maze 1800 after a subject had
chosen four arms on a trial (Olton & Samuelson,
1976). After this manipulation,
a subject could
obtain a high room-location
accuracy score by
selectively entering arms in previously unchosen
locations in the room - regardless of whether
those particular arms had been chosen earlier, or a

..
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Table 2. Mean Accuracy Scores on Choices 5-8 as a Function of Trial-type and Reference Coordinate Sy-

stem, and Frequency of Response Patterning
Mean accuracy

scores

Response
Experimental

Subject
I
2
3
4
5
6
7

Control trials
3.06
3.06
2.61
3.17
2.39
2.17
2.06

Mean (SD)

2.64 (0.46)

2.51 (0.39)

= four adjacent

arms chosen on Choices

aResponse

patterning

Room-location
3.11
3.00
2.44
2.33
2.28
2.22
2.17

high maze-arm accuracy score by selectively entering still-baited arms - regardless of their locations in the room. Subjects relying solely on
response strategies should obtain neither high
room-location accuracy scores nor high maze-arm
accuracy scores. They would be choosing arms
without regard to local cues on previously entered
arms or the location of the arms in the room, and
should perform at "chance" accuracy levels. That
is, in randomly choosing four arms when four out
of eight arms contain food, they should choose
two baited arms and two unbaited arms, so that
the mean room-location
accuracy score and the
mean maze-arm accuracy score would both be 2.0.

trials

1.85 (0.16)

I,

Trial-type

----

Maze-arm
2.06
1.61
1.78
1.72
1.94
1.83
2.00

patlerninga

Control
0
I
3
3
7
14
18
6.57 (6.90)

Experimental
0
2
7
7
II
13
15
7.86 (5.55)

5-8, e.g., 4567.

more choices with free access to all eight arms of
the maze. On some control trials the maze was
rotated 180°, then returned to its original position
during the delay; on others there was no rotation.
On experimental
trials, the subject made four
forced choices, was confined in the middle of the
maze while the maze was rotated 180 0, then made
four choices with free access to all eight arms of
the maze. After maze rotation,
only four arms
contained food. These were the four arms in unchosen locations on some trials, and the four unchosen arms of the maze on other trials. In all,
there were 18 experimental
trials and 18 control
trials.

Method
Subjects. The subjects from Experiment

I were
five months of age when they started this experiment. They were maintained at 80-900/0 of their ad
lib weights through food deprivation. Their housing conditions were the same .as in Experiment I.

Apparatus.
periment

The radial

maze described

in Ex-

1.

Procedure. All subjects were given preliminary
training on the radial maze consisting of 6 daily
trials on which they chose all eight arms of the
maze without interruption (free-choice trials) and
15 trials on which they chose four arms, one at a
time, in a random order determined
by the experimenter, then, after a 5-sec delay, chose freely
among the arms until they had entered all eight of
them (forced-choice
trials). Each pretraining trial
began with half of a 45 mg Noyes food pellet in
the cup in each arm of the maze.
During testing, each subject was given two trials
per day: one control trial and one experimental
trial (in counterbalanced
order), about I hr apart.
On all trials, the subject chose four arms, one at a
time, in a random order determined
by the experimenter (forced choices). On control trials, the
subject made four forced choices, was confined in
the center of the maze for 5-20 sec, then made four

Results
Over the last five pretraining trials, the subjects
chose' a mean of 2.77 new arms in their first four
post-delay choices (Choices 5-8). This accuracy
score was significantly
higher than the chance
score of 2.0 expected had they chosen four arms
without regard to their pre-delay choices t(6) =
3.20, p < .01. During testing, choice accuracy
over Choices 5-8 was unaffected by whether four
arms or four locations were baited on experimental trials; the crucial variable was whether the
maze had been rotated 180 during the delay. On
control trials, it made little difference whether the
maze was rotated
180°, then returned
to its
original position, or whether it was not rotated at
all. For these reasons, the trials wertz. simply
categorized
as "experimental"
or "control,"
depending on whether or not the maze was rotated
180 ° during the mid-trial delay. To see whether
subjects were guided by extramaze cues in the environment
or intramaze
cues (stimuli on the
maze), two accuracy scores were calculated over
Choices 5-8: one with respect to the room locations chosen (regardless
of the particular
arms
chosen), and one with respect to the particular
arms chosen (regardless of their locations in the
room). Subjects relying on extramaze cues would
0
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obtain high room-location accuracy scores; subjects relying on intramaze cues would obtain high
maze-arm accuracy scores.
The accuracy scores for the control trials, and
the room-location and maze-arm accuracy scores
for the experimental trials, are shown in Table 2.
On the IS control trials, the mice obtained a mean
accuracy score of 2.64, which was significantly
higher than the chance accuracy score of 2.0, 1(6)
= 3.72, P < .01. On the 18 experimental trials,
the room location accuracy score (2.51) was
significantly above chance, 1(6) = 3.49, P < .05,
whereas the maze-arm accuracy score (1.85) was
significantly below chance, t(6) = - .05. Thus,
the subjects relied primarily on extramaze cues
when making Choices 5-S.
Table 2 also shows the number of experimental
and control trials on which each subject chose
four successive adjacent arms during Choices 5-8.
For the experimental trials, there was an inverse
relationship between the amount of response patterning a subject exhibited and its room-location
mean accuracy score (Spearman's Rho, rs =
- .99, p < .01. The same inverse relationship between response patterning and choice accuracy occurred on the control trials (rs = - .84, P < .(5).
Discussion
The mice, like rats (Suzuki et al., 1980), depended on extramaze cues when selecting the arms of
the maze. However, they exhibited varying
degrees of response patterning (adjacent-arm
choice) with those subjects showing the most patterning exhibiting the lowest choice accuracy.
Those subjects with high levels of response patterning apparently could not use extramaze cues effectively because they performed poorly on both
the experimental and the control trials, i.e., with
accuracy scores near 2.0. Several results (e.g.,
Roberts & Dale, 19SI; Suzuki et at., 1980) suggest
that rats increase their response patterning when
they cannot use extramaze stimuli to guide their
choices.
To summarize, the mice tested in these experiments resembled rats in selecting arms
primarily on the basis of extramaze cues, although
some subjects seemed to depend largely on ineffective response strategies (adjacent-arm choice
sequences). The accuracy of their choices decreased after a 5-min mid-trial delay,suggesting that

26 • The Southern Psychologist, Vol. 2, No.1

& BEDARD

their spatial memory is less durable than that of
rats, e.g., more susceptible to interference from
events occurring during the delay (Maki, Brokofsky, & Berg, 1979). Overall, and as was expected,
the mice performed more like rats on the radial
maze than did the species tested previously
(pigeons; ring doves, and Siamese fighting fish).
The present data support the suggestions made by
Bond et at. (1981), Roitblat et at. (1982), and
Wilkie et at. (1981) that a species' natural foraging
requirements will determine the extent to which it
has developed an effective spatial memory.
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